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NASA TT F - l 1 , 7 4 1  

EFFECTS OF THE FLIGHT SPEED OF PASSENGER A I R C R A F T  
ON FLIGHT N O I S E  AND OF THE N O I S E  D U R A T I O N  ON SUBJECTIVE 

ESTIMATES OF N O I S E  INTENSITY 

G .  1 .  Gubkina and 6 .  N .  M e l ' n i k o v  

ABSTRACT. A d i scuss ion  i s  presented of t h e  a i r c r a f t  noise  
problem, based on noise  observat ions of Soviet  domestic 
passenger a i r c r a f t  and  the  Caravel le a i r c r a f t .  Graphs of 
no ise  l eve l s  versus  a i r c r a f t  speed a r e  p l o t t e d ,  and an 
ampir ical  formula is presented which takes  noise dura t ion  
i n t o  account. T h e  r e s u l t s  f o r  no ise  levels a s  a funct ion of 
f l i g h t  speed a r e  believed t o  be app l i cab le  t o  a l l  j e t -  
powered passenger a i r c r a f t ,  and  i n  t h e  f i r s t  approximation 
t o  turboprops a s  w e l l ,  even t h o u g h  t h e y  a r e  l a rge ly  based 
on observa t ions  i n  the TU-104 and TU-124 a i r c r a f t .  

The f l i g h t  n o i s e  c rea t ed  during t akeof f s  and landings of a i r c r a f t  i n  t h e  /562l - 
a reas  around a i r p o r t s  i s  l imi t ed  a t  t h e  present  time t o  perceived n o i s e  l e v e l s  
of  110-112 PN db i n  the  daytime and 102 PN db a t  n igh t .  

'The n e c e s s i t y  of observing these  required f l i g h t  no i se  l e v e l s  a t  r e l a t i v e l y  
s h o r t  d i s t a n c e s  from the  a i r p o r t  (usual ly  a t  a d i s t ance  of 4-6 km from t h e  
beginning o f  t h e  a i r c r a f t  run, t h e  po in t  where housing cons t ruc t ion  gene ra l ly  
begins  around a i r p o r t s )  makes it necessary t o  use  va r ious  measures designed t o  
reduce the  no i se  [l], inc luding  p a r t i c u l a r l y  an inc rease  i n  the  i n c l i n a t i o n  of 
t h e  climbing f l i g h t  path by s p e c i a l  p i l o t i n g  techniques.  
t h e  a i r c r a f t  f l i e s  over populated p o i n t s  a t  a h igher  a l t i t u d e  and t h e  t o t a l  
l e v e l  of f l i g h t  no i se  i n  dec ibe l s  i s  decreased, under otherwise equiva len t  
cond i t ions ,  by approximately ASL 

above the  populated p o i n t s  with the  s tandard climbing r a t e  performed with 
inc reased  speed and a t  t he  s t e e p e r  climbing r a t e  performed a t  decreased cons tan t  
speed. However, decreasing t h e  f l i g h t  speed causes an inc rease  i n  f l i g h t  n o i s e  
and may q u i t e  e s s e n t i a l l y  decrease t h e  p o s i t i v e  e f f e c t s  r e s u l t i n g  from 
i n c r e a s i n g  f l i g h t  a l t i t u d e .  
i n f l u e n c e  of f l i g h t  speed on f l i g h t  no ise  is  of e s s e n t i a l  p r a c t i c a l  s i g n i f i -  
cance. 

Climbing mort r a p i d l y ,  

= 20 log  H/h, where h and H a r e  t h e  a l t i t u d e s  H 

Therefore ,  t he  e s t ima te  presented  below of t h e  

F igure  1 shows d a t a  on the  inf luence of f l i g h t  speed on the  d i f f e rence  

0 between t h e  maximum summary s t a t i o n a r y  noise  l e v e l  SL 

o f  f l i g h t  n o i s e  SLv a t  t he  same d i s t ance  from t h e  a i r c r a f t  produced f o r  domestic 

passenger  a i r c r a f t  and taken f o r  t he  DC-8  and Carave l le  a i r c r a f t  from t h e  
l i t e r a t u r e  [ 2 ] .  

and t h e  summary l e v e l  of 

The small symbols on the graph show t h e  r e s u l t s  of  i nd iv idua l  
1 

Numbers i n  the margin ind ica t e  pagination i n  the  fore ign  t e x t .  
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measurements: t h e  b lack  c i r c l e s  and squares r ep resen t  r e s u l t s  f o r  t h e  TU-104 and 
TU-124 a i r c r a f t  f o r  f l i g h t s  a t  maximum engine power, while  t h e  white  c i r c l e s  and 
squares  show t h e  r e s u l t s  f o r  f l i g h t s  performed using nominal engine opera t ion .  
The l a r g e r  symbols show the  mean r e s u l t s  of l a r g e  groups of measurements; t h e  
s o l i d  c i r c l e s  and squares  show r e s u l t s  fo r  TU-104 and TU-124 a i r c r a f t  f l y i n g  a t  
maximum engine power, t h e  l i g h t  symbols -- a t  nominal power , ' t he  crosshatched 
symbols r ep resen t  f l i g h t s  a t  maximum power and 0.8 -- a t  nominal power. 
t r i a n g l e s  with i n d i c e s  1 throcgh 5 show t he  mean r e s u l t s  ef l a rge  groups of  
measurements f o r  f l i g h t s  a t  t h e  maximum o r  nominal engine power l e v e l  f o r  t he  
TU-,114, IL-18, AN-10, AN-24 and IL-14 a i r c r a f t  r e spec t ive ly ;  t h e  t r i a n g l e  marked 
6 shows d a t a  from t h e  DC-8 f l y i n g  a t  maximum engine power, and t h e  t r i a n g l e  
marked 7 r e p r e s e n t s  t h e  Carave l le  a i r c r a f t  f l y i n g  a t  nominal engine power. 
Measurements were performed using var ious f l i g h t  a l t i t u d e s .  
Figure 1 is the  geometric locus of t h e  mean values  of a l l  experimental  d a t a  a t  
t h e  given f l i g h t  speed. 
t h e  small symbols correspond t o  ind iv idua l  measurements, t h e  l a r g e r  symbols t o  
groups of va r ious  numbers of  measurements. 

The 

The curve on 

I t  was constructed i n  cons ide ra t ion  of t h e  f a c t  t h a t  

V ,  m/sec 
Figure 1 

Although the  mechanism by which the  f l i g h t  speed inf luences  t h e  no i se  of  a 
j e t  a i r c r a f t  and a turboprop a i r c r a f t  o r  p i s t o n  a i r c r a f t  i s  not  t h e  same, 
n e v e r t h e l e s s ,  i n  t h e  f i n a l  a n a l y s i s ,  according t o  widespread experimental  d a t a ,  
t h i s  h a s  p r a c t i c a l l y  no inf luence  on t h e  change i n  the  n o i s e  l e v e l  as a func t ion  
of f l i g h t  speed; i n  t h i s  same way, t h e  change i n  t h e  no i se  l e v e l  r e s u l t i n g  from 
a change i n  f l i g h t  speed does not  depend on t h e  f l i g h t  a l t i t u d e  o r  on t h e  
ope ra t ing  mode of t h e  motor. 
IL-14, TU-124 and Carave l le  f l y  a t  approximately t h e  same speed (see Figure l ) ,  
t h e i r  maximum s t a t i o n a r y  no i se  l e v e l  i s  decreased by p r a c t i c a l l y  the  same 
degree.  

For example, i f  such d i f f e r e n t  a i r c r a f t  as  t h e  

The amount of change i n  the  no i se  l eve l  as a func t ion  of changes i n  f l i g h t  
speed can be determined g raph ica l ly  from Figure 1, o r  us ing  empir ical  formulas. 
In  t h e  range of a i r c r a f t  f l i g h t  speeds from 0 t o  120 m/sec, t h e  mean value of 
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SLo - SL quan t i ty  A = 

A = 6.3t10 

from t h e  formula: A = 0.234G-V O S 7 '  db (dotted l i n e  on r i g h t  s i d e  of Figure 1). 
Calculat ion of changes i n  A can a l s o  be performed us ing  t h e  s impler  empi r i ca l  
formula corresponding t o  t h e  s o l i d ,  broken curve on Figure 1: A = a V b 

- a2VZ - b,, where A i s  t h e  i n c r e a s e  i n  summary l e v e l  o r  perceived m i s e  ?eve1 

as a func t ion  of changing speed, VI ,  m/sec i s  t h e  i n i t i a l  f l i g h t  speed, 

m/sec, is t h e  new f l i g h t  speed, t h e  inf luence of which i s  t o  be evaluated.  
Coef f i c i en t s  a and b a r e  determined by the t a b l e :  

can be ca l cu la t ed  us ing  t h e  fol lowing empir ical  formula: V 
-5 v2.5 db ( t h e  d o t t e d  l i n e  on Figure l ) ,  and a t  h ighe r  speeds,  from 

- 
1 1 1  

L. 

v2 , 

V, m/sec a b 

30-60 +0.06 -1.8 
60-90 +0.1 -4.2 
90-120 +0.17 -10.5 
120-180 +0.06 +2.7 

This dependence makes it p o s s i b l e  f o r  us t o  determine by c a l c u l a t i o n  t h e  
f l i g h t  n o i s e  l e v e l  f o r  any a i r c r a f t  i f  we know, e i t h e r  by d i r e c t  measurement o r  
by c a l c u l a t i o n  according t o  t h e  values  of t h e  parameters o f  t h e  engines used, 
t h e  maximum n o i s e  l e v e l  SL under s t a t i o n a r y  condi t ions a t  range R from t h e  

a i rcraf t ,  where 60 B R G 100 m .  Determination of  f l i g h t  noises  i s  performed 
us ing  t h e  graph shown on Figure 2. On t h i s  graph, f o r  any a r b i t r a r i l y  s e l e c t e d  
l e v e l  of  sound p res su re  ( absc i s sa )  t he  quadra t i c  dependence of  t h e  a t t e n u a t i o n  
i n  sound w i t h  inc reas ing  d i s t a n c e  r e s u l t i n g  from t h e  expansion of  t h e  s p h e r i c a l  
sound wave f r o n t  i s  shown by t h e  t h i n  l i n e ,  then,  consider ing t h e  experimentally 
determined a d d i t i o n a l  sound a t t enua t ion ,  t h e  actual a t t e n u a t i o n  of  s t a t i o n a r y  
n o i s e  with inc reas ing  d i s t a n c e  is shown (curve f o r  V = 0 ) .  

0 

In o r d e r  t o  determine f l i g h t  no i se ,  t he  q u a d r a t i c  dependence of a t t e n u a t i o n  
o f  SLo ( t h i n  l i n e )  i s  s h i f t e d  t o  t h e  l e f t  while r e t a i n i n g  t h e  same i n c l i n a t i o n  

by t h e  q u a n t i t y  A taken from Figure 1; furthermore, f o r  a l t i t u d e s  exceeding 
300 m, t h e  experimental  c o r r e c t i o n  which we have produced which i n d i c a t e s  t h e  
a d d i t i o n a l  a t t e n u a t i o n  of t h e  summary l eve l  o f  f l i g h t  no i se  as a r e s u l t  o f  
abso rp t ion  i n  t h e  a i r  must be added i n .  
change i n  f l i g h t  no i se  on range f o r  A equal t o  4, 6, 8 ,  10 and 12  db, shown on 
Figure 2 by t h e  s o l i d  l i n e s .  
d i s t i n c t i v e  p a t t e r n  of sound r a d i a t i o n  d i r e c t i o n a l i t y ,  w e  must introduce ye t  
ano the r  c o r r e c t i o n  t o  consider  t he  f a c t  t h a t  a t  t h e  moment when t h e  maximum 
n o i s e  i s  e x c i t e d  a t  a given po in t  on t h e  ground, t h e  d i s t a n c e  t o  t h e  a i r c r a f t  
from t h e  p o i n t  i s  g r e a t e r  than t h e  f l i g h t  a l t i t u d e  above t h e  po in t .  
l i n e s  on Figure 2 i nc lude  t h e  considerat ion of  t h i s  f a c t o r .  

Thus, w e  produce t h e  dependence of t h e  

For a i r c r a f t  with j e t  motors, which have a 

The do t t ed  
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Figure 2 

Using t h e  graph o f  Figure 2 ,  
w e  can determine t h e  f l i g h t  n o i s e  
c rea t ed  by any modern passenger 
a i rc raf t  f l y i n g  a t  var ious a l t i -  
tudes H ,  v e l o c i t i e s  V and motor 
ope ra t ing  modes (as well as t h e  
maximum s t a t i o n a r y  no i se  a t  ranges 
up t o  2000 m) i f  we know the  
maximum s t a t i o n a r y  no i se  SL f o r  0 
t h e  given ope ra t ing  mode of t h e  
engines a t  a range from t h e  a i r -  
c r a f t  60 < R < 100 m. 

Let us exp la in  t h e  p r a c t i c a l  
u t i l i z a t i o n  of  t h e  graphs of 
Figure 2 u s ing  a concrete  example. 
Suppose we must determine t h e  
f l i g h t  no i se  created by a TU-104 
a i rc raf t  f l y i n g  a t  var ious a l t i -  
tudes a t  maximum engine power and a 

f l i g h t  speed of 115 m/sec, i f  w e  know t h a t  under s t a t i o n a r y  condi t ions a t  a 
range R = 60 m with maximum engine power SL = 133 db. 0 

A t  R = 60 m ,  t h e  a r b i t r a r y  sound pressure l e v e l ,  according t o  Figure 2 ,  i s  
50 db. 
corresponds t o  a d i f f e r e n c e  A = 9 db (Figure 1) and, consequently, t o  a curve 
passing between t h e  second and t h i r d  curves from t h e  l e f t  on Figure 2 .  Drawing 
t h i s  curve mentally,  consider ing t h e  fact t h a t  f o r  a j e t  a i r c r a f t  i t  should be  
e q u i d i s t a n t  with t h e  d o t t e d  l i n e  curves a t  low a l t i t u d e s ,  we f i n d  t h e  a r b i t r a r y  
l e v e l s  of  sound p res su re  f o r  f l i g h t  a l t i t u d e s  H = 100, 200, 300, 400 and 
500 meters of 38.5, 31, 27, 24 and 21.5 db r e s p e c t i v e l y  o r ,  adding t o  t h e s e  
values  d = 83 db, summary f l i g h t  no i se  l e v e l s  o f  121.5, 114, 110, 107 and 
104.5 db. 
115 m/sec a r e  119.5, 113, 110, 107 and 105 db. 

The d i f f e r e n c e  d = 133 - 50 = 83 db. The f l i g h t  speed of 115 m/sec 

/565 - 

The corresponding averaged experimental v a l u e s . a t  f l i g h t  speeds o f  

The system of  normalizing no i se  i n  PN db which has become widely used i n  
r e c e n t  times does not  t ake  i n t o  considerat ion t h e  du ra t ion  of t h e  a c t i o n  of t h e  
n o i s e  during a i r c r a f t  o v e r f l i g h t s .  Nevertheless,  t h i s  f a c t o r  determines t h e  
i r r i t a n t  e f f e c t  of n o i s e  on t h e  population t o  a g r e a t  e x t e n t  [ 3 ] .  

L The r educ t ion  i n  f l i g h t  speed and the g r e a t e r  f l i g h t  a l t i t u d e  over a 
populated p o i n t  r e s u l t i n g  from usage o f  the "low noise" t akeof f  method r e s u l t s  i n  
an e s s e n t i a l  i nc rease  i n  t h e  durat ion of  ac t ion  of  t h e  no i se .  
of  a p p l i c a t i o n  o f  a n o i s e  i s  equivalent  t o  inc reas ing  i t s  l e v e l  by 3 db, i f  we 
assume t h a t  t h e  summary no i se  energy t o  which t h e  populat ion is  exposed i s  thus  
doubled. 
t o  a sound i s  perceived as an increase i n  i t s  i n t e n s i t y  by even more than 3 db 
(up t o  4 .5  db ) .  

Doubling t h e  time 

According t o  t h e  r e s u l t s  of work [4 ] ,  doubling t h e  time o f  exposure 
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Figure 3 

7 d 
H / V  

Figure 4 

The measure of  t h e  du ra t ion  of ac t ion  of  a i r c r a f t  noise  commonly accepted 
a t  t h e  p r e s e n t  time is  t h e  time during which i t s  upper 10 db a r e  heard [ S I .  
Figure 3 shows t h e  dependence of t h i s  quantity(TlO, sec) on t h e  parameter o f  

t h e  r a t i o  of height  H,m t o  f l i g h t  speed V,m/sec, produced as a r e s u l t  o f  
experimental  i n v e s t i g a t i o n s  performed during o v e r f l i g h t s  o f  TU-104 ( l ) ,  
TU-124 (2 )  and Caravel le  (3) a i r c r a f t  at var ious a l t i t u d e s  i n  t h e  60-600 m 
range with va r ious  f l i g h t  speeds,  with the engines operat ing a t  t a k e o f f ,  
nominal, c r u i s i n g  and landing power l e v e l s .  

The t i m e  during which t h e  top 10 db a r e  heard,  i n  our  opinion, does not  
f u l l y  c h a r a c t e r i z e  t h e  degree of i r r i t a t i o n  during an a i r c r a f t  o v e r f l i g h t ,  s i n c e  
under otherwise equ iva len t  condi t ions t h e  i r r i t a t i n g  e f f e c t  i s  determined by t h e  
maximum l e v e l  of t h e  f l i g h t  noise .  I t  seems t o  us t h a t  t h e  same exposure 
d u r a t i o n  t o  t h e  upper 10 db with a maximum l e v e l  of 120 db would be  more 
i r r i t a t i n g  t o  t h e  populat ion than with a maximum l e v e l  of  100 o r  90 db. 
t h i s ,  w e  suggest  t h a t  t h e  time of a c t i o n  o f  t h e  n o i s e  be  taken as t h e  time 
during which i t s  l e v e l  exceeds 90 db ( the  c h a r a c t e r i s t i c  background l e v e l  i n  t h e  
zone around a modern a i r p o r t  with in t ens ive  a i r  movement during t h e  daytime) 
o r  80 db f o r  t h e  takeoff- landing areas located,  l e t  us say, a t  t h e  edge of t h e  
c i t y .  F igu re  4 shows an experimental graph of  t h e  dependence of t h e  exposure 
time of  f l i g h t  n o i s e  over a l e v e l  o f  90 db (TgO,sec) on t h e  parameter 
(SL - 90)H/V, where (SL - go), db, i s  t h e  amount by which t h e  maximum summary 
l e v e l  exceeds 90 db. 
i s  equ iva len t  t o  an inc rease  i n  i t s  perceived l e v e l  of 3 db, we produce t h e  

/ 5 6 6  
Due t o  

Assuming t h a t  t h e  increase i n  exposure time t o  t h e  n o i s e  
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cor rec t ion  APN db 

can be determined by t h e  graph of Figure 5 (along t h e  o r d i n a t e  we see  T 

along t h e  a b s c i s s a  -- APN dbT) and t h e  experimental formula: 

f o r  increased exposure time t o  t h e  no i se ,  which i n  t h i s  case T 
/ T  90n 90m' 

, 

where TgOn, sec, i s  t h e  time during which t h e  noise  l e v e l  exceeds 90 db under 

condi t ions n ,  cha rac t e r i zed  by t h e  q u a n t i t i e s  SL,, db, Hn, m and Vn, m/sec; 

. Coef f i c i en t s  A and B are i s  t h e  same under condi t ions m, T TgOm 
determined from t h e  following t a b l e :  

90n ' TgOm 

(SL - 90)H/V A B 

0-30 0 0 .4  
30-70 6 0 .2  
70-130 11 0.125 

If w e  assume t h a t  i nc reas ing  t h e  exposure time of t h e  no i se  i s  equivalent  t o  
inc reas ing  i t s  perceived l e v e l  by 4.5 db [3, 41, t h e  value of APN dbT produced 

from t h e  graph on Figure 5 should be increased by a f a c t o r  of 1.5.  

We must no te  t h a t  t h e  formula and t h e  
graph f o r  APN db do take i n t o  considerat ion 

t h e  inf luence o f  a l t i t u d e  H and f l i g h t  speed 
V only on t h e  du ra t ion  of  a c t i o n  of n o i s e  
TgO, and, through i t s  e f f e c t  on t h e  dura- 

t i o n ,  consider  a l s o  i t s  effect  on t h e  
perceived no i se  l e v e l ;  t h e  in f luence  which 
f l i g h t  a l t i t u d e  and speed have on t h e  
summary f l i g h t  n o i s e  l e v e l  and consequently 
on the perceived no i se  l e v e l  i s  no t  taken 
i n t o  cons i der  a t  ion.  

T 

F i g u r e  5 In  s p i t e  o f  t h e  f a c t  t h a t  t h e  exper- 
imental i n v e s t i g a t i o n s  used i n  t h i s  a r t i c l e  
a r e  concerned p r imar i ly  with t h e  TU-104 and 

TU-124 a i r c ra f t ,  checks of the a v a i l a b l e  experimental material i n d i c a t e  t h a t  
t h e s e  r e l a t i o n s h i p s  are app l i cab le  f o r  other  types o f  je t -passenger  a i r c r a f t  as 
w e l l ,  and i n  t h e  f i r s t  approximation a r e  a l s o  app l i cab le  t o  turboprop powered 
a i rcraf t .  
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